Computer-assisted personal interviewing (CAPI) offers many attractive benefits over paper and pencil interviewing. There is, however, mixed evidence on the impact of CAPI on interview length, an important survey outcome in the context of length limits imposed by survey budgets and concerns over respondent burden. In this paper, recent data from a large, nationally representative panel study is used to investigate CAPI's impact on interview length. A key feature of our analysis is that, through use of both experimental and quasiexperimental evidence, we examine the roles played by specific factors which, while typically associated with CAPI, vary in their extent and nature from study to study. We find that effects very much depend on how CAPI is implemented: the hardware and software adopted, the extent and nature of the dependent data introduced, and even interviewer workloads, can all have large influences on the CAPI impact-a finding that helps explain the conflicting results from previous studies. Overall, we conclude that, absent dependent data, CAPI will almost certainly increase interview lengths. However, the potential reductions in interview length from dependent data are very large, such that even modest levels of dependent data can lead to net reductions in interview lengths.
Introduction
Computer-assisted personal interviewing (CAPI) offers many attractive advantages over paper and pencil interviewing (PAPI) and most large ongoing face-to-face surveys using PAPI methods are likely to eventually shift to CAPI. Its advantages include improved and more complex routing, automated checking of inconsistencies in the data with the respondent as they occur, simultaneous data entry, reduction in lags between interviews and data delivery, and capture of system information, such as section timestamps, during the interview (de Leeuw, Hox and Snijkers, 1995) . Further, in panel surveys, CAPI facilitates much greater use of data collected in previous waves, thereby improving data quality (Jäckle, 2008) . Despite these apparent advantages, it is important to have a good understanding of the impacts that a move from PAPI to CAPI has on survey outcomes, both to enable survey managers to make appropriate implementation and budgeting decisions, and to ensure appropriate interpretation of the resulting data. 1 Relatively few (published) studies have investigated the impacts of CAPI on survey outcomes, although there has emerged a consensus view on the effects of the introduction of CAPI on four aspects of data quality. First, a change from PAPI to CAPI does not significantly affect response rates (Martin et al., 1993; Baker, et al. 1995; Lynn, 1998; Laurie, 2003; Nicoletti and Peracchi, 2003; Schräpler et al., 2006; Watson and Wilkins, 2011) or attrition rates (Martin et al., 1993; Schräpler et al., 2006) . Second, the vast majority of respondents are ambivalent about the change in mode and very few negative reactions are recorded (de Leeuw, et al., 1995; Martin et al. 1993; Watson and Wilkins, 2011) . Third, interviewers are generally positive about the change and appreciate the more professional look it gives them (de Leeuw, et al., 1995; Banks and Laurie, 2000; Watson and Wilkins, 2011) . Finally, almost all previous studies recorded a lower rate of missing data in CAPI compared to PAPI due to the elimination of routing errors (for example, de Leeuw, 1995; Laurie, 2003; Schräpler, et al. 2006; Watson and Wilkins, 2011) .
There is considerably less evidence, and less consensus, on the impact of CAPI on other survey outcomes, including the proportion of 'don't know' or 'refused' responses, the length of responses to open-ended questions, and interview lengths. In this paper, we focus on the issue of interview length and how it is affected by survey mode, use of dependent data and interviewer experience. The presumption is that, all else equal, reductions in interview length are desirable, reducing survey costs and respondent burden, or making it possible to increase survey content for a given budget. 2 Understanding how CAPI can affect interview lengths is therefore clearly important.
The limited number of existing studies of the impact CAPI has on interview length provide conflicting evidence. Martin et al. (1993) and Fuchs et al. (2000) found interviews took 12 to 17 per cent longer to administer via CAPI, while Baker et al. (1995) , Lynn (1998) and Jäckle (2008) each present evidence of a 16 to 20 per cent decrease in interview length. Martin et al. (1993) also reports on another study finding no evidence of a difference in interview lengths. The reasons suggested for longer durations include slower speed of typing compared with writing, differences in 'looping' strategies for repeated question sequences (for example, for questions in respect of each child in the household) (Fuchs et al, 2000) , and interviewer inexperience with CAPI (Martin et al., 1993) . The reasons given for reducing interview time under CAPI include automation of the use of dependent data that had previously been provided on paper (Baker et al., 1995) and greater use of dependent data in a proactive fashion (Jäckle, 2008) . The implication from these findings is that implementation details, such as type of computer interface, looping strategies, interviewer training and use of dependent data, all affect the impact of CAPI on interview length. However, little is known based on these studies about the relative importance of these factors.
There is also very little known about how quickly interviewers adapt to new technology. Indeed, Baker et al. (1995) and Caviglia-Harris et al. (2012) are possibly the only two studies to have examined differences in learning effects between CAPI and PAPI. Baker et al. (1995) found that CAPI interview lengths continued to decline over time, while PAPI interview lengths were relatively stable. Caviglia-Harris et al. (2012) , by contrast, found there were no differences in learning effects between modes, although they were comparing surveys with different content conducted at different time points. An important limitation of both studies is that they considered interview duration as a function of the length of time in the field, whereas it is the number of interviews conducted by the interviewer that is likely to be the more relevant factor for capturing learning effects.
To investigate the impacts of CAPI on interview length, we draw on new evidence from the Household, Income and Labour Dynamics in Australia (HILDA) Survey, a large-scale nationally representative longitudinal survey conducted in the market research arena. This is perhaps the only evaluation since the late-1990s to investigate the effect of CAPI on interview lengths, and therefore provides new evidence relevant to the contemporary context.
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In particular, the use of computers and information technology, and the nature of the technology itself, have changed considerably since the earlier evaluations. Furthermore, since the HILDA Survey is longitudinal, we can also consider the impact of 'feed forward' (dependent) data, which can be a very important feature associated with the introduction of CAPI, and which cannot be investigated in cross-sectional surveys.
The HILDA Survey is a valuable source for investigating the extent and nature of the effects of CAPI on interview lengths, providing both experimental and quasi-experimental evidence. Specifically, we use data from an experiment conducted on the longitudinal 'dress rehearsal' sample in Wave 7 (2007), together with data from Waves 6, 9 and 10 (conducted in 2006, 2009 and 2010, respectively) . The Wave 7 dress rehearsal sample, which comprises approximately 1,300 respondents (one-tenth the size of the main sample), had approximately half of the respondents assigned to CAPI and the other half assigned to PAPI, facilitating comparison of CAPI to PAPI within an experimental setting. Waves 6, 9 and 10 provide further evidence on the impact of CAPI in the form of pre-and post-CAPI data. Waves 6 and 10 provide a quasi-experiment by virtue of having almost identical questionnaires. Similarly, it is also possible to identify the effects of dependent data through comparisons of questionnaire sections in Waves 9 and 10 which have the same content, but which had additional dependent data introduced in Wave 10. Both the experimental data provided by the Wave 7 dress rehearsal and the quasi-experimental data provided by Waves 6 and 10 are furthermore used to investigate how the 'learning effects' of interviewers-as captured by reductions in interview lengths-differ across the two survey modes.
The paper proceeds as follows. The potential effects of CAPI and dependent data on interview length are canvassed in Section 2, before describing the data and research design in Section 3. Section 4 examines the impact of CAPI on overall interview length, while Section 5 considers impacts on individual questionnaire sections, and is thereby able to provide insights on the effects of specific mechanisms by which CAPI can affect interview durations-most notably, the use of dependent data. We consider differential interviewer learning effects by mode in Section 6. In Section7, we draw together the findings of Sections 4 to 6 by presenting a decomposition of the total change in mean interview length between Waves 6 and 10, estimating the contributions made by the introduction of dependent data, changes to interviewer composition and interviewer learning effects, and 'other' factors associated with the introduction of CAPI. Section 8 concludes.
Potential impacts of CAPI on interview length
As the existing mixed evidence on the effects of CAPI on interview length would suggest, impacts depend on the way in which CAPI is implemented. One potentially important source of impacts on interview times is the ability to include dependent data-that is, where preexisting information on respondents is used (fed forward). This dependent data can be used in either a proactive or reactive fashion. Proactive dependent data is used to tailor questions based on known characteristics of respondents, such as sex, age and place of birth, or to remind the respondent of a previous answer or ask them if they are still in the same situation. Reactive dependent data is used to confirm a change after they have reported a different status from that reported in a previous wave. Proactive dependent interviewing is likely to reduce interview times, since it removes the need to answer some questions and also lowers respondent cognitive burden, making some questions easier to answer. Reactive dependent interviewing is likely to increase interview length, since additional questions are asked if there is an inconsistency (Jäckle, 2008) .
In addition to proactive dependent interviewing, several other factors typically present under CAPI are likely to reduce interview times, including automation of questionnaire routing and automatic generation of context-dependent text. Automated routing means that interviewers do not need to work out the relevant skips, which can also improve data quality, while automated context-dependent text (such as a child's name or text appropriate to a person with two or more jobs) mean that interviewers do not have to work out what text they should use for specific situations.
While proactive dependent data, automated routing and automated context-dependent text would seem to make CAPI clearly faster, several factors potentially contribute to longer interview lengths in CAPI than in PAPI. First, inconsistent or unusually high or low answers can be queried (and resolved) under CAPI. Such queries, which may result in the interviewer being required to either type in an explanation for the response or work back through the questionnaire to correct some previously entered data, will increase interview times. Second, a CAPI system will not progress to the next question until the current question is correctly filled in, which may slow interviewers down (although presumably this improves data quality). Third, in PAPI, experienced interviewers often read ahead and are asking the next question of the respondent while they are finishing off filling in the answer to the last question. They cannot do this in CAPI. Fourth, many interviewers can write faster than they can type, although the increase in interview lengths due to this factor will depend on both the manner of entry (for example, stylus or keyboard) and the number of questions requiring written text for responses. Finally, the need for interviewers to learn and become comfortable with the CAPI technology will tend to increase interview length, at least in the first wave that an interviewer uses CAPI.
There are, furthermore, other factors that have ambiguous implications for interview lengths, such as how many questions are displayed on each screen, how questions in grids on the paper questionnaire are programmed into CAPI, the type of computer device used, the manner of entry of responses (for example, keyboard or touch screen), and indeed the nature of the survey.
It is thus unclear ex ante whether the interview lengths for CAPI should be shorter or longer than PAPI, with the outcome depending on a variety of factors that will vary from survey to survey. It is perhaps not surprising, therefore, that previous studies have had mixed results regarding the impact of CAPI on interview length: findings will depend on the net effect of the particular combination of factors present in the study.
Data and evaluation strategy
The HILDA Survey is a household-based panel study which collects information on families, incomes and labour market activities on an annual basis (Wooden and Watson, 2007) . The survey began in 2001 with nearly 7,700 household interviews and 14,000 individual interviews from a representative sample of people living in private dwellings. This wave 1 panel is followed over time and interviews are conducted with all members of the household aged 15 and over. The majority of the questionnaire content is stable over time, although special questionnaire modules are included in each wave. For the first eight waves, the interviewer administered questionnaires were completed using PAPI, but from Wave 9 CAPI has been used. In anticipation of the shift to CAPI, an experiment was conducted in 2007 using the longitudinal dress rehearsal sample, which is one-tenth the size of the main sample and is used to test survey content and methods prior to administration on the main sample. 4 There are four survey instruments administered by the interviewer, plus a Self-Completion Questionnaire given to the respondent to complete themself. Household-level information is collected in the Household Form (HF) and Household Questionnaire (HQ). The HF establishes who is part of the household and collects some basic details of household members, while the HQ contains questions on child care arrangements and housing. Individual-level information is collected by personal interview with all persons in the household aged 15 years and over. The interview covers a wide range of topics, including education, employment, income, relationships, and health. The Continuing Person Questionnaire (CPQ) is used for those who have been interviewed previously and the New Person Questionnaire (NPQ) is completed by individuals when they are interviewed for the first time. The NPQ includes most of the same questions as the CPQ, but also asks for background information, such as place of birth and marital history.
For this analysis of interview lengths, we draw on data from Waves 6, 9 and 10 of the main sample together with the Wave 7 dress rehearsal sample. This combination of sources allows us to isolate the roles played by specific factors in determining interview length. First, data from Waves 6 and 10 can be used to conduct a 'before-after' analysis of the impact of CAPI, since Wave 6 was administered by PAPI and Wave 10 by CAPI, and both were very similar in terms of questionnaire content, as the rotating wealth module was included in both of these waves. Second, a split-sample test of CAPI was conducted in the Wave 7 dress rehearsal. This provided the same conditions for both samples in all aspects other than survey mode, allowing isolation of the impact of CAPI through comparison of interview lengths across the two modes. Finally, comparisons between Waves 9 and 10, which were both CAPI administered, provide information on the impact of dependent data on interview lengths. In particular, the amount of dependent data used was expanded between Waves 9 and 10 and, since all of the questionnaire sections were timed, durations of sections with equivalent content, but differences in dependent data, can be compared across the two waves. Table 1 provides a summary of the survey mode, use of dependent data, special modules and timestamp information included in each wave. We have listed three modes in Table 1 because the particular CAPI setup in the Wave 7 dress rehearsal was different to that ultimately adopted in Waves 9 and 10. In the Wave 7 dress rehearsal, the interviewers used laptops with either an external mouse or an inbuilt touchpad. In Waves 9 and 10, the interviewers used a tablet and stylus. 5 However, the software used, Confirmit 6 , remained the same, and indeed the scripts developed for the Wave 7 dress rehearsal formed the basis of the scripts used in Waves 9 and 10.
Use of dependent data has progressively increased across the four waves. A limited set of data was pre-printed on the Household Form for Waves 6 and 7-name, sex, date of birth and date of last interview. In the CAPI component of the Wave 7 dress rehearsal, two additional pieces of information were also brought forward from the last interview: whether the respondent was employed; and the number of employers they had. Wave 9 further carried forward the respondent's contact details (collected for tracking purposes), eliminating the need to re-enter details that had not changed since the previous interview. Wave 10 again extended the dependent data to include legal and social marital status at the time of last interview, whether the respondent owned a home previously, and the name, age, date of birth and sex of the respondent's own children.
The bottom panel of Table 1 shows that timestamp and interview duration information allows durations to be determined for every section of the HQ across all four waves, but the level of detail available varies somewhat for the PQs. In Wave 6, only the duration of the entire PQ is available. In Wave 7, timestamps enabled durations to be determined for the new sections introduced in Wave 7, but not for the existing sections. From Wave 9, durations are available for each individual section of the PQ. Further, where the interview was conducted on paper (in Waves 6 and the paper component of the Wave 7 dress rehearsal), we also have the interviewer's estimate of the overall length of each PQ and HQ to help validate the estimate obtained from the timestamps.
Examination of the timestamps revealed that, while most of the data appeared sensible, problems existed for some interviews under both PAPI and CAPI. When interviewers recorded the time on the paper questionnaire, they sometimes made mistakes with the 24-hour format they were required to use. It was also found that interviewer estimates of length had fewer extreme values than calculated using the timestamps. Under CAPI, timestamps sometimes generate unlikely durations when the interviewer suspends the interview and comes back to it later. Taking into account these findings, it was decided that the interviewer estimates of duration would be used for Wave 6 and the PAPI part of the Wave 7 dress rehearsal, while the sum of the section durations based on the timestamps would be used for the CAPI interviews. Moreover, if any section did not have the start and end times on the same day, or the duration was calculated to be more than 90 minutes, the section was excluded from the analysis. 
The number of interviews conducted and the mean interview times are presented in Table 2 . For the most part, the restrictions on the timestamps resulted in less than 1 per cent of cases being excluded, although up to 9 per cent of cases were excluded for the Wave 7 dress rehearsal CAPI sample. The mean interview length of the CPQ was 31.5 minutes for a faceto-face interview using paper methods in Wave 6, whereas in Wave 10, when the wealth module was repeated in CAPI, this fell to 30.0 minutes-a 5 per cent decrease. There was, however, no difference between Waves 6 and 10 in mean HQ interview length. (Note that the overall length of the HQ is much longer in wealth years because of the additional householdlevel questions asked.) A very different picture emerges from the Wave 7 dress rehearsal: PQ interviews conducted by PAPI took on average 32.0 minutes whereas by CAPI they took 41.6 minutes, an increase of 9.6 minutes, or 30 per cent. The HQ also took longer with CAPI than PAPI in the Wave 7 dress rehearsal-1.7 minutes, corresponding to a 32 per cent longer interview. 
Effects of CAPI on overall interview length
Interview durations can be affected by a range of factors other than survey mode, most notably the characteristics of the respondents that determine the route they take through the questionnaire. Duration can also be affected by the respondent's ability to understand the questions, retrieve the relevant information, judge the accuracy of the response, and then select and deliver an answer (Tourangeau et al., 2000, p.7) . We therefore take a regression approach to estimating the effect of CAPI on overall interview length, thereby controlling for many of these factors.
The models are estimated on pooled data from Waves 6, 9 and 10, together with the Wave 7 dress rehearsal. Included in the models for the PQs are variables for the characteristics of the respondents that determine which path through the questionnaire they take: employment status (two dummies), education level (two dummies), marital status, whether they have children and, if they have children, the number of children they have. The model for the HQ contains a similar set of variables, but excludes employment status and marital status of the respondent, includes variables for children living in the household rather than the respondent's own children, and adds variables for whether the household owns the dwelling, rents it, is involved in a rent-buy scheme, or lives there rent free. To allow for other factors which may affect the interview process, variables are additionally included (in all models) for age (five dummies), sex, English-speaking ability and presence of a long-term health condition. It is expected that these variables will capture differences in the speed with which the respondent is able to understand and answer the questions, although some of the variables-especially age and sex-may also affect which parts of the questionnaire are relevant to the respondent. We have also allowed for two types of interviewer effects on duration. First, a dummy variable is included for interviewer 'survey status', which indicates whether the interviewer is new to the HILDA study in the current wave. Second, we include a fourth order polynomial for the cumulative number of interviews conducted for the wave as at the current interview, which we label 'within-wave experience'. The latter set of variables captures interviewer within-wave learning about the questionnaire, which would be expected to reduce interview durations. Finally, we include a series of dummy variables that specify the wave and mode of interview (whether face-to-face or phone and whether PAPI or CAPI).
7 Table 3 presents the regression results. Coefficient estimates for respondent characteristics are broadly consistent with expectations, with respondents who are older, have long-term health conditions and/or have poor English having longer interview durations. Effects associated with interviewer characteristics are likewise as expected: new interviewers tend to take longer, and there is evidence of a within-wave learning effect for all interviewers. The shape of the polynomial fitted implies a learning effect across the first 40 interviews of about 5 minutes and then the average interview time seems to stabilise until around 140 interviews where the interview durations begin to decline again.
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The regression results provide several distinct pieces of evidence on the effect that interview mode has on interview length. First, Waves 6 and 10 had very similar questionnaire content, thereby providing a quasi-experiment on the effects of CAPI. For the CPQ regression, the estimate on the variable 'W10 f2f by CAPI' implies that CAPI on average reduced CPQ interview duration by 1.2 minutes, holding all else constant. This is almost certainly an underestimate of the impact of CAPI on CPQ length, since the Wave 10 CPQ contained additional questions to those included in the Wave 6 CPQ-in particular, questions on salary sacrifice and non-cash benefits. In contrast to the CPQ, the estimate for the NPQ implies CAPI increased interview length by 2.8 minutes (which is likely to be larger than the true impact of CAPI because of the presence of additional questions in Wave 10). This may in part reflect the fact that there is no dependent data in the NPQ, and therefore less scope for CAPI to reduce interview durations. For the HQ, the estimate implies no difference in length between CAPI and PAPI.
The evidence from the Wave 7 CAPI experiment contrasts markedly with the evidence from comparison of Waves 6 and 10. In the Wave 7 dress rehearsal, the CPQ took 9.4 minutes longer under CAPI, the NPQ took 10.3 minutes longer and the HQ took 1.6 minutes longer. Two main factors are likely to explain the contrast. First, the mouse-dependent nature of Confirmit, when implemented in the laptop environment adopted for the Wave 7 CAPI trial, may have slowed the interview more than other CAPI software may have. In Wave 10, a stylus was used on a tablet, which is much closer to the pen and paper environment with which interviewers were familiar. Second, the Wave 10 interview included more dependent data in the CPQ, which is likely to have shortened interviews.
Counter to expectations, and in contrast to the findings for face-to-face interviews, we find that the CPQ and NPQ interviews conducted by phone both show increases in length between Waves 6 and 10. However, this appears to be due to two very experienced telephone interviewers undertaking 40 per cent of all telephone interviews in Wave 6. These two interviewers had interview lengths on average 10.5 minutes lower than the other interviewers for the CPQ and 16.3 minutes lower for the NPQ. By comparison, in Wave 10, the share of the telephone interviews undertaken by the two interviewers with the most interviews was only 16 per cent; moreover, their mean interview lengths were no different to the rest of the interviewers.
Effects of CAPI on section lengths
In this section, we give more consideration to the mechanisms by which CAPI impacts on interview durations, in particular focusing on the impact of dependent data. We do this by comparing across waves the lengths of specific questionnaire sections with differing amounts of dependent data. Our first set of results use data from Waves 9 and 10, and we limit our investigation to only those sections where the questions are identical or almost identicalthus excluding Section K (on health and lifestyle issues) and Section J (on personal assets and debts). We use the same regression model specification here as was used in the models of overall interview duration presented in Table 3 , but restrict the sample to Waves 9 and 10, and therefore necessarily exclude the survey mode dummies for Waves 6 and 7. Table 4 presents the mean difference between Waves 9 and 10 in the duration of each questionnaire section after controlling for differences in respondent and interviewer characteristics. Separate models are estimated for each CPQ and NPQ section, and separate estimates are presented for face-to-face and phone interviews. These 'adjusted' mean differences are obtained from a set of dummy variables included in each model that distinguish both survey mode and wave of interview. The omitted dummy is 'W9 face-toface', so that the estimate for face-to-face interviews is simply the coefficient on the dummy 'W10 face-to-face', while the estimate for phone interviews is the coefficient on 'W10 phone' minus the coefficient on 'W9 phone'. Table 4 also provides a brief description of the (relatively minor) questionnaire changes to each section between Waves 9 and 10, as well as a description of the dependent data added in Wave 10.
Focusing first on the results for face-to-face interviews, we find that for several of the sections where there had been no change to the questionnaire or the use of dependent data between Waves 9 and 10 (Sections A and B), the interview durations have also not changed. Further, where a few additional questions were included in Section E (on other labour market activities), we see an expected increase in Wave 10.
Surprisingly, interview lengths for the sections on current employment (C) and for those not employed (D) fell, by 0.8 and 0.3 minutes respectively, even though there were very minimal changes to the questionnaire and there was no additional use of dependent data. This decline is most likely due to the time taken with the industry and occupation questions to record appropriate descriptions for occupation and industry. Analysis of the length of the text recorded at Wave 9 versus Wave 10 indicated a small but significant reduction in the number of characters recorded for occupation title (1.5 characters) and tasks (2.6 characters), but an increase for industry (0.8 characters). These differences in text length are small and therefore do not account for the overall time decrease. An alternative explanation is that interviewers had become more proficient in writing with the stylus by Wave 10, leading the character recognition software to more accurately interpret their writing, and thus reducing the amount of time they spent on these questions. This explanation is also consistent with the results for Section F, which contains many write-in boxes where the interviewer records the amount of income received from different sources. For this section, despite the addition of 14 quite complicated questions, only partially offset by the removal of three questions, the adjusted mean duration of the section decreased by 0.2 minutes.
For the sections that incorporated new dependent data in Wave 10, we see a reduction in duration for Section G (children) by 0.4 minutes and an increase in Section H (relationships) by 0.1 minutes. In Section G, the interviewer no longer had to write the name, sex and age of pre-existing children, so it is sensible that time savings were made. The increased duration of Section H suggests that, for marital and cohabitation status, it takes longer to remind the respondent of their answer in the previous interview than it does to get them to recall the information (but presumably it improves consistency across waves). The regression models include controls for age, sex, marital status, English ability, employment status, long-term health condition, education, children in the household, housing tenure, whether the interviewer is new to the study, and how many individual interviews the interviewer has completed as of the time of the interview. *, **, and *** indicate statistically significant difference at the 10, 5 and 1 per cent levels, respectively.
Examining CPQ estimates for the interviews conducted by phone, we see similar effects as evident for face-to-face interviews. The notable exceptions are the sections on education (A) and relationships (H). These differences are not readily explicable.
For the NPQ sample (lower panel of Table 4 ), most estimates are not statistically significant, which is consistent with the fact that there is no dependent data in the NPQ, and therefore no scope for reductions in interview time from this source. However, it should also be noted that the relatively small size of the NPQ sample is likely to be a factor in the absence of statistically significant estimates. Of the few estimates that are statistically significant, only one-that for face-to-face interviews in Section A-is qualitatively different from the CPQ estimate, and it is only of marginal significance.
Further evidence on the role played by dependent data is available in the tracking section (Section T) of the questionnaire. For this analysis, we draw on data from not only Waves 9 and 10, but also the Wave 7 dress rehearsal, which collected timestamps before and after this section (but not other sections). The results are presented in Table 5 . We find that compared to the paper version of the tracking section, the laptop based CAPI (with no feed forward data) took 0.5 minutes longer in the CPQ when conducted face-to-face. When dependent data was introduced in Wave 9, there was a reduction over the paper-based method by a sizeable 2.6 minutes, which is about 8 per cent of the total length the CPQ without the dependent data in Section T. We also see a further reduction from Wave 9 to Wave 10, despite there being no changes to either the questions asked or the data that was brought forward from the last interview. Anecdotal evidence from the fieldwork company indicate that in Wave 9 there was a greater focus on making sure the tracking information was complete and correct, since it was the first time tracking information had been fed forward. Once this editing work had been done, there was less to update in Wave 10. Nevertheless, we also see a drop in the time taken to complete Section T for the NPQ, where all new contact information needs to be collected, implying that at least part of the reduction in time taken to complete Section T was due to improvements in interviewer competency with the CAPI console and stylus. Notes: The regression models include controls for age, sex, marital status, English ability, long-term health condition, education, number of children, marital status, whether the interviewer is new to the study, and how many individual interviews the interviewer has completed as of the time of the interview. *, **, and *** indicate statistically significant difference at the 10, 5 and 1 per cent levels, respectively.
Interviewer learning effects under CAPI
To explore the ways in which interviewers adapt to different interviewing modes, for each wave we estimate a regression model of the determinants of CPQ interview duration that includes a set of dummy variables for within-wave experience-that is, the number of interviews conducted by the interviewer in the current wave as at the current interview: 1-4, 5-9, 10-14, 15-19, 20-24, 25-29, 30-34, 35-39, 40-44, 45-49, 50-74, and 75-300 . We furthermore distinguish between interviewers new to the HILDA Survey in that wave and interviewers who had conducted interviews in one or more previous waves by interacting the within-wave experience dummies with dummies to identify new and experienced interviewers each wave. In addition, for the Wave 7 dress rehearsal, separate estimates are produced for the PAPI and CAPI samples.
The key estimation results from these models are summarised by Figures 1 and 2 , which present graphs of 'standardised' mean predicted CPQ interview durations by level of withinwave experience. The mean predicted duration is calculated by evaluating the predicted duration for each within-wave experience dummy, holding other explanatory variables fixed at mean values. This predicted duration is then 'standardised' by setting the predicted duration to 30 minutes for experienced interviewers with within-wave experience of between 50 and 74 interviews, and rescaling all other predicted durations accordingly (so that they maintain the same relativity with respect to experienced interviewers with 50-74 interviews in each wave).
The graphs provide clear indications that learning effects of interviewers differ by survey mode. Figure 1 compares mean predicted durations of new and experienced interviewers in Wave 6 (conducted via PAPI) and Wave 10 (conducted via CAPI). For the interviewers who were new to the survey, the CAPI method enables quicker learning of the survey process and after only 15 or so interviews, the average duration of their interviews are reasonably close to the experienced interviewers. When the interviewers are working with the paper-based methods, their interview durations are still around 4 minutes longer by the time they reach 30 interviews, and they never achieve parity with the experienced interviewers. Even after 50 interviews, they remain an average of 2.5 minutes longer. The learning effect of the experienced interviewers is smaller and, in contrast to new interviewers, is not significantly different between PAPI and CAPI.
In Figure 2 we compare mean predicted durations across waves for CAPI methods only. Compared to Wave 10, we see that there were much greater learning effects in Wave 9, when the experienced interviewers were learning the tablet and Confirmit technology together with the new sections of the Wave 9 questionnaire. This 2.5 minute difference between Waves 9 and 10 evaporated by around the 15 th interview. By comparison, in the Wave 7 dress rehearsal CAPI test, the experienced interviewers took the first 24 or so interviews to grasp the technology, after which their average interview duration dropped by about 5 minutes.
As a robustness check of the results presented in Figures 1 and 2 , we repeated the analysis restricting the sample to 'high-yield' interviewers, who we define as interviewers who completed at least 75 interviews that wave. Essentially, this removes any effect of interviewers who were struggling with the interview process and perhaps were taking a long time to complete the interviews. It also removes interviewers who may not have experienced enough interviews to have completed their 'learning'. The results were, however, very similar to those reported in Figures 1 and 2. To summarise, the tablet-based CAPI method helps new interviewers 'get up to speed' with the questionnaire and interview process much quicker than occurs with paper-based methods.
For the experienced interviewers, once they have experienced CAPI for one wave, the withinwave learning effects in CAPI are quite similar to those evident for paper-based methods. 
Decomposition of the difference in interview lengths between CAPI and PAPI
The results of the preceding analyses can be used to quantify the roles played by specific factors in determining the overall effect of the introduction of CAPI on interview duration. In particular, by comparing the total CPQ duration in Wave 10 with the CPQ duration in Wave 6, and drawing on the evidence presented in Sections 5 and 6, we can decompose the change in duration resulting from the move from PAPI to CAPI, as implemented in Wave 10, into 'dependent data', 'interviewer learning', 'interviewer composition' and 'other' change of mode effects. Table 6 presents the results of this decomposition exercise, showing the estimated effect of each component and the source of the estimate. The upper panel draws on the results obtained in Section 5 to ascertain the effects of the introduction of dependent data. It shows that using dependent data reduced CPQ interview duration by 3.2 minutes, with most of the reduction coming from the feeding-forward of contact information in the tracking section. Some further reductions were also made in section on children, although these were partly offset by an increase in time in the relationship section.
The effects of changes to interviewer learning and the composition of interviewers were calculated by decomposing the following expression for the difference between Waves 10 and 6 in the mean predicted standardised interview length:
The third term of Equation (2) estimates the difference in mean interview length due to changes in the distribution of within-wave experience-that is, due to changes in the proportions of interviews conducted by interviewers with each of the 12 levels of withinwave experience (as at the time of the interview). The variable , is a rescaling of , such that the proportion of interviews conducted by new (as opposed to experienced) interviewers is held constant at Wave-6 levels, which allows us to isolate the effects of changes in the distribution of within-wave experience. The mean interview length of each of the 24 groups defined by survey status and within-wave experience is also held constant at the Wave-6 level, which means the effect is evaluated at Wave-6 interview lengths.
The fourth term estimates the difference in lengths due to change in the split between new and experienced interviewers, also evaluated at Wave-6 interview lengths. This is identified by holding constant the proportion of interviews in each of the 24 within-wave experience and survey status groups and, as in the third term, holding constant the mean interview length of each survey status by within-wave experience group.
The decomposition provides some useful information about the role of CAPI and various workforce decisions have on overall interview lengths. In terms of the differential learning effects between PAPI and CAPI, we find a slight increase in mean standardised interview length due to the experienced interviewers (by 0.1 minutes), whereas new interviewers contributed a decrease in overall length (by 0.2 minutes).
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Changes in the distribution of within-wave experience acted to increase the mean interview length by 0.8 minutes. This was the result of an increase in the size of the interviewer workforce between Waves 6 and 10 from 140 to 155, which meant that a higher proportion of interviews were conducted while the interviewers were still in their learning phase (given that the total number of interviews was similar in the two waves). Balanced against this, however, the change in the proportion of interviews conducted by new interviewers-specifically, a reduction from 24 per cent in Wave 6 to 13 per cent in Wave 10-acted to decrease the mean interview length by 1.0 minute. Thus, the net effect of changes to learning effects and the composition of the interviewers between Waves 6 and 10 was to remove 0.3 minutes from the mean interview length.
The last panel of Table 6 simply reproduces the reduction in the mean overall interview length between Waves 6 and 10, which was 1 minute. Since the sum of the changes across all components must equal this overall change, we can infer the net role played by other factors as equal to the difference between the sum of the known components and the actual overall change. This residual difference is 2.5 minutes, meaning that changes between Waves 6 and 10 other than the introduction of dependent data, changes in interviewing learning and changes in interviewer composition acted to increase the mean CPQ interview duration by 2.5 minutes. Since very little changed between Wave 6 and Wave 10 other than the introduction of CAPI, we can be reasonably confident that this increase is CAPI-related-that is, due to characteristics of CAPI (as implemented in Wave 10) other than dependent data and differences in interview learning and composition. Total difference -1.0 Table 3^ Other aspects of CAPI (obtained by subtraction)
2.5
Notes: ^Estimate obtained from the specified table that provided a split between face-to-face interviews and phone interviews. For Wave 10, 8 per cent of interviews were conducted by phone, so an overall estimate is obtained by taking 0.92 of the face-to-face estimate and 0.08 of the phone estimate.
This decomposition makes it clear that there are several factors that affect the interview lengths when we move from paper-based interviewing to computer-assisted interviewing. The use of dependent interviewing can have a large effect and changes in the learning effects for interviewers can be quite small when aggregated across new and experienced interviewers. Had we only used a small amount of dependent data and kept the same composition of our interviewer workforce, the introduction of CAPI into HILDA may well have led to an increase in CPQ interview length, of the order of about 8 per cent.
Conclusion
A clear message from the analysis undertaken in this paper is that the effects of introducing CAPI into an existing study on interview length very much depend on how CAPI is implemented. The hardware and software adopted, the extent and nature of dependent data introduced, and even interviewer workloads, can all have large impacts on interview durations experienced under CAPI. This is perhaps most starkly illustrated by the experience in the HILDA Wave 7 dress rehearsal experiment, where the particular combination of hardware and software adopted led to the concerning result that the introduction of CAPI increased interview duration by 30 per cent in the individual interview. This was significantly larger than reported by other studies that have found that CAPI interviews were longer, where the increase was of the order of 12 to 17 per cent (Martin el al., 1993; Fuchs et al. 2000) . By examining the difference in interview lengths between Waves 6 and 10, which had almost identical questionnaire content, we are able to conclude that this increase in the Wave 7 experiment was the net outcome of the hardware-software combination used, greater learning difficulties experienced by the interviewers, and very limited use of dependent data.
The reduction in interview length between Waves 6 and 10 can be explained in large part by the use of dependent data, which reduced the mean CPQ interview duration of 31.5 minutes in Wave 6 by 10 per cent. We furthermore find, drawing on Wave 9 in addition to Waves 6 and 10, that the dependent data which produced the greatest reductions in interview length was for questions that require writing. In particular, the feeding forward of contact details in the 'tracking' section (Section T) acted to reduce interview lengths by an average of 2.9 minutes; and feeding forward children's names in Section G also had a sizeable impact, reducing interview lengths by an average of 0.4 minutes. It therefore appears that reductions in interview length from using dependent interviewing come mainly from reducing the amount of writing required of interviewers.
A further beneficial effect of CAPI we find is that new interviewers are able to get up to speed with the questionnaire and interview process much quicker with CAPI than with paper questionnaires. These gains were in our case eliminated by slightly lower rates of learning for the experienced interviewers, leading to only a 0.3 per cent reduction in length overall due to differences in learning effects. We did, however, find that interviewers appeared to improve their writing skills with the tablet over the initial waves, as evidenced by the time reductions experienced between Waves 9 and 10 in the sections relating to employment (Sections C and D -jointly 0.6 minutes), income (Section F -0.2 minutes), and tracking (Section T -0.3 minutes).
We also note that it can be important to account for compositional changes in the interviewer workforce when assessing the effects of CAPI introduction. We find that, on average, interviewers need to interview approximately 50 respondents in order to achieve stable interview lengths. Larger interviewer workloads will thus reduce overall respondent burden. In the case of the HILDA Survey, an expansion of the workforce coincident with the introduction of CAPI resulted in a reduction in workload sizes, which acted to increase the mean CPQ interview duration by 3 per cent. Nevertheless, this was completely offset by a shift in interviewer composition in Wave 10 towards more experienced interviewers.
Finally, while the individual contributions of other CAPI features to the overall effect of CAPI on interview lengths are not identified in this paper, we estimate that their combined effect was to increase interview length by 8 per cent. This is likely to reflect the effects of features such as automated confirmation of unexpected responses, slower entry of text, and loss of interviewer ability to 'read ahead'. The net reduction in overall interview length as a result of moving from PAPI to CAPI, as implemented in Wave 10, was therefore only 3 per cent.
